T he few studies to examine the relationship between coronary artery disease (CAD) and outcomes in patients with heart failure and preserved ejection fraction (HF-PEF) have produced conflicting results. CAD was associated with higher all-cause mortality in a single-center study from the United States, which included 376 patients with HF-PEF (255 with CAD). 1 In a retrospective analysis of the Coronary Artery Surgery Study (CASS) registry, among 284 patients with HF-PEF, the number of diseased coronary arteries was an independent predictor of survival (68 patients had no CAD). 2 However, these findings contradict those of a Framingham cohort analysis and a multicenter, prospective European study where in both there was no difference in mortality between HF-PEF patients with and without CAD. 3, 4 Even less is known about the relationship between CAD and modes of cardiovascular mortality, such as sudden death, which to our knowledge has only been examined in a handful of previous studies.
The prognostic implications of symptomatic myocardial ischemia (ie, angina) in HF-PEF are also poorly defined. In some patients, myocardial ischemia occurs even in the absence of major epicardial CAD. This is especially likely in the presence of left ventricular hypertrophy, which is pathognomonic of the HF-PEF phenotype. Other factors such as coronary microvascular dysfunction may also precipitate angina and in 1 single-center analysis of consecutive patients with HF-PEF referred for angiography, the proportion of patients reporting angina symptoms was similar in those with and without epicardial CAD. 1, 7 We, therefore, investigated the relationship between CAD, angina and a range of clinical outcomes in the irbesartan in patients with heart failure and preserved systolic function (I-Preserve) trial. 8 
Methods
The design, baseline characteristics, and results of I-Preserve are published. [8] [9] [10] Briefly, 4128 patients aged ≥60 years with a left ventricular ejection fraction (LVEF) ≥45%, current signs and symptoms of heart failure and corroborating evidence (relevant electrocardiographic, chest x-ray, or echocardiographic abnormalities) were randomized to 300 mg once daily of irbesartan or placebo. Patients in New York Heart Association (NYHA) functional classes II to IV were eligible but those in class II were required to have had a hospitalization for heart failure within the previous 6 months. Ethics committees at each participating institute approved the trial and all patients provided written informed consent. The mean follow-up was of 49.5 months. No significant treatment difference was seen in the primary composite outcome of death from any cause or hospitalization for a cardiovascular cause, or in any of the prespecified secondary end points.
Investigators recorded details of heart failure cause and medical history, including stable angina pectoris, by checking boxes on the trial case report form. For the purposes of this retrospective analysis, patients with a history of CAD were defined as those with a history of previous myocardial infarction (MI), percutaneous coronary intervention, coronary artery bypass grafting, or a primary ischemic cause as defined by investigators. Patients were divided into 4 mutually exclusive groups; those without a history of CAD or angina, patients without a history of CAD but with a history of angina, patients with a history of CAD but no angina and those with a history of CAD and angina.
Clinical Outcomes
The 3 other groups were compared with the reference group of patients without a history of CAD or angina for the following clinical outcomes: all-cause death, cardiovascular death, sudden death, death because of HF, HF death or HF hospitalization (the predefined composite HF end point in I-Preserve), HF hospitalization, fatal or nonfatal MI, and the composite of MI or unstable angina (UA). Sudden death was defined as an unexpected death in a previously stable patient. Patients with sudden death had to have human contact in the 24 hours preceding the event; those who had been out of contact for more prolonged periods were classified as unknown.
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Statistical Analysis
Baseline characteristics were described using percentages for categorical variables and mean with SDs for continuous variables. The 1-way ANOVA test was used to compare continuous variables except where data were not normally distributed where the Welch test was used. The χ 2 test was used to compare categorical variables. The relationships between a history of CAD, angina, and outcomes were assessed using Kaplan-Meier cumulative event survival curves and Cox proportional-hazard regression analyses. In sensitivity analyses, we examined the impact of the competing risk of allcause mortality on the cumulative incidence of HF hospitalizations and the competing risk of noncardiovascular death on cardiovascular death. In both analyses, no substantial differences were found between the competing risks approach and the Kaplan-Meier approach (data not shown). For consistency, Kaplan-Meier estimates are presented. 12, 13 Published predictors of fatal and nonfatal outcomes in I-Preserve were used in the multivariable analyses. 11, 14 The variables adjusted were N-terminal pro-brain natriuretic peptide (NT-proBNP; log) levels, age, recent HF hospitalization, diabetes mellitus, neutrophil count (log), ejection fraction, chronic obstructive pulmonary disease or asthma, glomerular filtration rate, disease-specific quality of life measured using the Minnesota living with HF questionnaire, and heart rate; the presence of left bundle branch block was also included in the analysis of sudden death. The Cox proportional-hazard survival analyses used a conventional 2-tailed P<0.05 as the statistical level of significance. All statistical analyses were performed using Stata version 13, Stata Corp, College Station, TX and IBM SPSS Statistics for Mac, version 22.0. Armonk, NY.
Results
Of 4128 patients in I-Preserve, 2657 (64% of the total) had no recorded history of CAD; 649 (24%) of these patients without CAD had a history of angina. Of the 1471 patients (36% of the total) with a history of CAD, 1003 (68%) had a history of angina.
Baseline Characteristics
Baseline characteristics stratified by history of angina and CAD are presented in Table 1 .
Comparison of Patients With and Without a History of CAD
Patients with a history of CAD were more likely to be men (52% versus 33%), have a history of diabetes mellitus (32% versus 25%), a higher median NT-proBNP level (449 versus 282 pg/mL), and a slightly lower mean LVEF (58% versus 61%). They were less likely to have a history of hypertension (82% versus 92%) or atrial fibrillation (13% versus 18%). Patients with a history of CAD were more likely to be in NYHA functional class III or IV (82% versus 77%) than those without a history of CAD. However, their quality of life, as assessed by the Minnesota living with HF questionnaire, was similar (score of 42 versus 43). Patients with CAD were also more likely to be prescribed a statin (41% versus 23%) or antiplatelet agent (78% versus 48%) at baseline. There was no significant difference in diuretic use in patients with and without CAD (82% versus 83%).
Patients With No History of CAD: Angina Versus No Angina
Patients without a history of CAD but a history of angina were more likely to be women (70% versus 66%), have a history of hypertension (96% versus 91%), and have a lower median NTproBNP level (241 versus 298 pg/mL) than patients with neither a history of CAD nor angina. They were less likely to have diabetes mellitus (22% versus 26%) or atrial fibrillation (12% versus 20%). Their quality of life, as assessed by the Minnesota living with HF questionnaire, was worse (score of 46 versus 41). The mean LVEF was similar in the 2 groups (60% versus 61%). Patients without a history of CAD but a history of angina were also more likely to be prescribed a diuretic (89% versus 82%) or antiplatelet agent (65% versus 42%) at baseline. The use of statins was similar in the 2 groups (23% versus 23%).
Patients With a History of CAD: Angina Versus No Angina
Patients with a history of CAD and angina were more likely to be women (49% versus 46%) and had a slightly lower mean LVEF (57% versus 59%), worse quality of life score (45 versus 41), and less frequent previous coronary revascularization (35% versus 43%) than patients with CAD but no angina. They were also less likely to have a history of diabetes mellitus (29% versus 38%) or atrial fibrillation (12% versus 15%); however, the proportion of patients with a history of hypertension (82% versus 81%) was similar in the 2 groups. The proportion of patients in NYHA functional class III or IV (81% versus 82%) and the median NT-proBNP level (455 versus 455 pg/mL) was also similar in the 2 groups. Patients with CAD and angina were more likely to be prescribed a diuretic (84% versus 76%) or antiplatelet agent (81% versus 74%) but less likely to be prescribed a statin at baseline (37% versus 49%).
Clinical Outcomes
Mortality
In I-Preserve, cardiovascular death accounted for 70% of all deaths. Sudden death accounted for 38% of all cardiovascular deaths (n=231); approximately double the number of patients with death because of HF (20% of all cardiovascular deaths, n=125).
In patients without a history of CAD, those with and without angina had a similar risk of death from any cause, cardiovascular death and sudden death (Tables 2 and 3 ; Figure 1 ). Stroke or TIA, n (%) 178 (9) 56 (9) 61 (13) 104 (10) 0.03
Pacemaker, n (%) 122 (6) 35 (5) 37 (8) 58 (6) 0.33
Laboratory measurements
Anemia at baseline, n (%) 239 (13) 60 (9) Qualitative variables percentages and systolic BP reported as integers. ACE indicates angiotensin-converting enzyme; AF, atrial fibrillation; BMI, body mass index; BP, blood pressure; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CCB, calcium channel blocker; GFR, glomerular filtration rate; HF, heart failure; ICD, implantable cardioverter defibrillator; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NT-proBNP, N-terminal probrain natriuretic peptide; NYHA, New York Heart Association class; PCI, percutaneous coronary intervention; and TIA, transient ischemic attack.
*NT-proBNP concentrations expressed as medians with first and third quartile values contained within parenthesis.
Patients with a history of angina had a lower risk of death because of HF that was nominally statistically significant in the unadjusted analysis but not after adjustment for other prognostic variables in a multivariable analysis: hazard ratio (HR), 0.54, 0.24 to 1.21; P=0.14.
Patients with a history of CAD (with or without angina) were at higher risk of death from any cause compared with those without a history of CAD or angina in both adjusted and unadjusted analyses (Tables 2 and 3; Figure 1 ).
Patients with a history of CAD and angina were at higher risk of death from any cause (HR, Figure 1 ).
HF Outcomes
In patients without a history of CAD, those with and without angina had a similar risk of heart failure outcomes (Tables 2  and 3 ; Figure 2 ). Patients with a history of angina had a lower risk of HF hospitalization that was nominally statistically significant in the unadjusted analysis but not after adjustment for other prognostic variables in a multivariable analysis (HR, 0.94 [0.70-1.25]; P=0.67).
Patients with a history of CAD (with or without angina) were at moderately higher risk of both HF hospitalization and the composite end point of HF death or HF hospitalization when compared with patients without a history of CAD or angina. However, following multivariable adjustment only the composite end point of HF death or HF hospitalization in patients with CAD and angina remained significant (HR, 1.26 [1.03-1.54]; P=0.02; Tables 2 and 3; Figure 2 ).
Coronary Outcomes
Coronary events occurred infrequently in I-Preserve. Only 5% of the overall study sample were hospitalized for UA or MI during follow-up.
In patients without a history of CAD, those with angina had a higher risk of the composite outcome of UA or MI compared with patients without CAD or angina. This relationship was strengthened after multivariable adjustment ( Figure 2 ).
Discussion
In our analysis of the 4128 patients with HF-PEF randomized in I-Preserve, angina was present in 68% of patients with CAD and 24% of those with no history of CAD. Patients with a history of CAD were at higher risk of death from any cause, which was driven by a higher rate of sudden death in particular.
The relatively high frequency of angina pectoris in patients without a history of CAD is consistent with an earlier single-center study of 376 patients hospitalized with HF-PEF in the United States. 1 In that study, after discharge, all participants underwent angiography within 12 months and a similar prevalence of angina was noted irrespective of whether significant epicardial CAD was detected. Factors such as left ventricular hypertrophy and coronary microvasculature dysfunction may contribute to angina symptoms in patients without epicardial CAD. 7, 15 An alternative explanation is that in our study at least some of these patients simply had undiagnosed CAD; CAD indicates coronary artery disease; CI, confidence interval; CV, cardiovascular; HF, heart failure; HFH, HF hospitalization; HR, hazard ratio; MI, myocardial infarction; NT-proBNP, N-terminal probrain natriuretic peptide; and UA, unstable angina.
*Adjusted for were NT-proBNP (log) concentration, age, recent HFH, diabetes mellitus, neutrophil count (log), ejection fraction, chronic obstructive pulmonary disease or asthma, glomerular filtration rate, quality of life score, and heart rate.
†Adjusted for were NT-proBNP (log) concentration, age, recent HFH, diabetes mellitus, neutrophil count (log), ejection fraction, chronic obstructive pulmonary disease or asthma, glomerular filtration rate, quality of life score, heart rate, and left bundle branch block on ECG. we do not know what proportion had coronary angiography but 3% did experience an acute MI or an episode of UA after randomization. Another consideration is that undiagnosed CAD, rather than HF-PEF per se, could have been the cause of symptoms in a proportion of patients enrolled in I-Preserve, given that the diagnosis of HF-PEF is difficult. Although most patients with no history of CAD but with a history of angina were in NYHA functional class III or IV (and these patients also had significantly reduced quality of life as measured by the Minnesota questionnaire), they also had the lowest baseline NT-proBNP level with levels that were entirely normal in over a quarter of patients.
Baseline Characteristics
Patients with CAD (with or without a history of angina) had more advanced heart failure as evidenced by the higher frequency of NYHA class III or IV symptoms, slightly lower mean LVEF and higher median NT-proBNP level. However, disease-specific quality of life measured with the Minnesota living with HF questionnaire was not significantly different from those without CAD. Conversely, a history of angina pectoris was associated with worse quality of life, irrespective of CAD history. This finding suggests that treating angina in patients with HF-PEF has the potential to improve heart failure-related quality of life.
Relationship Between CAD, Angina, and Mortality
The association between CAD and all-cause mortality has been extensively investigated in HF-REF but not HF-PEF. CAD was an independent predictor of higher all-cause mortality in the aforementioned single-center study of 376 patients hospitalized with HF-PEF (adjusted HR, 1.71 [1.03-2.98]; P=0.04) and in the 284 patients with HF-PEF in the CASS registry. 1, 2 In the CASS registry, HF-PEF patients with absent, moderate, or triple-vessel CAD had respective 6-year survival rates of 92%, 83%, and 68% (P=0.0001).
2 However, patients with HF-PEF in a cohort from the Framingham Heart Study (n=220) did not demonstrate a difference in survival related to the presence of CAD and this lack of association was also seen in a prospective multicenter study of 320 patients hospitalized with HF-PEF in France (adjusted HR, 0.93 [0.69-1.26]; P=0.65). 3, 4 The reasons behind these conflicting results are not clear but small sample sizes, heterogeneous patient cohorts, and differences in the variables used to adjust survival may all contribute. In this study, patients with CAD, irrespective of angina, had higher risk of death than those without CAD or angina, even after extensive adjustment for other prognostic variables, including NT-proBNP.
The more important finding in I-Preserve was that the higher mortality in patients with CAD was because of a much higher (double) risk of sudden death. Although the highest Two smaller, multicenter, retrospective analyses of patients discharged from hospital with a diagnosis of HF-PEF (n=320 and n=787, respectively) also showed that CAD was associated with a higher risk of sudden death. 4, 5 Although HF-PEF patients with CAD are at increased risk of sudden death, the absolute rate is low (≈2% per year) and the potential role of implantable cardioverter defibrillator therapy unclear, especially as coronary revascularization might also ameliorate this risk (see below). One planned study of implantable loop recorders in patients with HF-PEF designed to examine the frequency of significant ventricular arrhythmias will not fully address this question as patients with significant CAD or a recent MI will be excluded (http:// clinicaltrials.gov/ct2/show/NCT01989299).
The Relationship Between CAD, Angina, and UA/MI
Patients with CAD and angina had the highest risk of UA/ MI (HR, 5.84 [3.43-9 .95]; P<0.01) when compared with those with no history of CAD or angina. However, the HR in the former group was not significantly different from that in patients with CAD but no history of angina (HR, 4.44 [2.31-8.54]; P<0.01). The strength of the association in the CAD and angina group was likely attenuated by our inability to differentiate patients with past and current angina. In a recent analysis of the Candesartan in Heart Failure Assessment of Reduction in Mortality and Morbidity (CHARM) program, patients with CAD and current angina were almost 3 times as likely to experience UA/MI end point (adjusted HR, 2.75 [1.88-4 .01]; P<0.01) compared with patients with CAD but no history of angina. 16 However, in CHARM there was no significant association between past angina and UA/MI.
Clearly, both I-Preserve and CHARM-Preserved suggest new studies are needed to establish whether specific medical therapies or coronary revascularization have a role to play in reducing adverse events in patients with HF-PEF and CAD, whether or not they have angina. Two relatively small retrospective analyses assessing the role of coronary revascularization in these patients have produced conflicting results. A single-center study of 376 patients hospitalized with HF-PEF found complete revascularization was an independent predictor of lower all-cause mortality. 1 However, no such association was evident in the CASS registry although that study was conducted >20 years ago and it is not clear whether advances in medical therapy and coronary revascularization contributed to these conflicting findings. 2 Our study has many limitations. This was a retrospective analysis that only included patients aged ≥60 years and excluded patients with additional comorbidities, such as resistant hypertension, significant renal dysfunction, and anemia. 8, 9 Therefore, our findings may not be representative of a reallife cohort and cannot be generalized to all patients with HF-PEF, particularly younger patients. The history of angina was dependent on investigator-reported history. Also, patients in I-Preserve did not undergo routine angiography and it is possible that patients with CAD may have been misclassified (or vice versa); several studies have demonstrated the limitations of noninvasive assessment in accurately establishing HF cause. 17, 18 In summary, patients with CAD and HF-PEF have evidence of more advanced HF, whereas patients with angina and HF-PEF experience poorer quality of life, irrespective of the underlying cause. The risk of sudden death is significantly higher in patients with CAD and our findings suggest that specific interventions such as coronary revascularization or implantable cardioverter defibrillator therapy could improve outcomes in HF-PEF, although this hypothesis needs to be tested in prospective randomized trials.
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